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Advanced adaptive autopilot proves successful

on JDAM flight tests

by Rex Swenson, AFRL/MN Public Affairs

EGLIN AIR FORCE BASE, Fla. — The
Air Force Research Laboratory Muni-
tions Directorate’ s Navigation and Con-
trol Branch (AFRL/MNGN) has been
working with Guided Systems Technolo-
gies (GST) to develop a neura network-
based nonlinear adaptive autopil ot capa-
bility that will reduce the dependence on
wind tunnel testing for flight demonstra-
tions, munition configuration upgrades,
and pre-planned product improvement
developmental programs.

A Phase | Small Business Innovative
Research (SBIR) project with GST, asmall
business associated with Georgia Tech-
nology Research Institute (GT), demon-
strated the Advanced Adaptive Autopi-
lot (AAA) concept feasibility on the
Small Smart Bomb airframe model.

Accordingto Johnny Evers, AAA Pro-
gram Manager for MNGN, The recent
Phasell SBIR project hasfocused onfur-
ther development of the AAA concept

An F-16 makes the first guided test vehicle drop, which achieved all its
mission objectives and was accomplished from an altitude of 25,000 feet
on Eglin’'s B-70 test range (Courtesy photo)

for the Joint Direct Attack Munition
(JDAM) family of weapons.

With support from Boeing (the JDAM prime contractor and a
subcontractor on the Phase |1 SBIR project) GST and AFRL/
MNGN conducted two free-flight test missions to demonstrate
the new autopilot technology using updated Anti-Jam Global
Positioning System (GPS) Technology Flight Test (AGTFT) MK-
84 tail kits.

“The AAA technology allowsfor the design of anew autopi-
lot based upon only an approximate aerodynamics model. The
payoff of thiscapability isthe ability to rapidly prototype modi-
fications to the airframe, or even new airframe variants without
the need to go to costly and time consuming high fidelity wind
tunnel tests,” Everssaid.

Thebenefitsare obviousfor acontinuously evolving weapon
system such asJDAM. Members of the IDAM family employ
satellite-based GPS for navigation to achieve very high accu-
racy of delivery totargetsin all weather conditions, day or night.
Traditional autopilot design for such munitionsdependsstrongly
on the availability of wind tunnel data to characterize the

munition’s aerodynamic forces and movements. “Through
on-linelearning, the adaptive autopilot is able to compensate
in flight for uncertainty in aerodynamic data, and can there-
fore greatly relieve dependence on wind tunnel data in the
autopilot design process,” explained Evers.

The AAA replaces IDAM'’ s existing gain-scheduled auto-
pilot software with no other changesto the airframe hardware
or software.

The first controlled test vehicle (CTV1) drop was accom-
plished, and achieved all mission objectivesover the Eglin Air
Force Base water range in the Gulf of Mexico. The weapon
was dropped from an altitude of 35,000 feet and followed a
preprogrammed controlled flight profile designed to exercise
the autopilot stability and performance. Based on telemetry
data obtained during the test, the autopilot performed asin-
tended.

“Infact, the AAA allowed theweapon to achieve controlled
flight at negative angles-of -attack; thiswasafirst for the MK -
84 JDAM,” Eversconcluded. @



